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ABSTRACT 


This  document  presents  the  background  and  description  of  a 
procedure  for  the  prediction  of  rail  traffic  noise  that  has  been 
adopted  by  the  Ministry  of  the  Environment.   This  procedure, 
STEAM,  has  been  prepared  by  a  group  of  technical  experts 
representing  various  agencies  as  well  as  interests. 

The  Ministry  of  the  Environment  requires  the  use  of  this  method 
to  assess  the  noise  impact  from  existing  roadways  on  planned 

residential  land  uses. 
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STEAM 

Sound  from  Trains  Environmental  Analysis  Method 

1.    Introduction 

The  impact  of  railway  noise  is  an  important  factor  to  be 
considered  when  planning  sensitive  land  uses.   This  document 
presents  the  Ministry  of  the  Environment's  procedure  for  the 
prediction  of  railway  traffic  noise  based  on  rail  traffic 
parameters,  receiver  description  and  topographical  features.   The 
Ministry  requires  the  use  this  method  to  assess  the  noise  impact 
from  existing  railways  on  planned  residential  land  uses. 

The  prediction  method  is  based  on  a  model  contained  in  the  Canada 
Mortgage  and  Housing  Corporation  (CMHC)  publication  "Road  and 
Rail  Noise:  Effects  on  Housing,  1981"  [1]  and  in  "Traffic  Noise 
Prediction",  National  Research  Council,  Building  Research  Note 
146  [2]  ,  which  had  been  developed  from  semi -empirical  expressions 
established  by  the  Ontario  Ministry  of  the  Environment  in  the 
mid-seventies  [3,4].   Adjustments  to  the  reference  sound  level 
accounting  for  distance  and  shielding  are  identical  to  those 
contained  in  "Ontario  Road  Noise  Analysis  Method  for  Environment 
and  Transportation",  ORNAMENT,  1989  [5].   The  objective  is  for 
STEAM  to  generate  same  sound  levels  as  the  CMHC  [1]  method,  at  a 
distance  of  30  m  and  for  typical  topography  parameters. 

The  method  assumes  that  the  noise  level  at  the  receptor  comprises 
three  parts:  locomotive  engine  and  exhaust  (assumed  to  constitute 
one  source)  noise,  wheel-rail  interaction  noise,  and  the  warning 
signal  (whistle  noise)  emitted  when  the  train  approaches  some 
level  crossings. 

The  validity  of  the  prediction  method  is  for  source-to-receiver 
distances  from  15  m  to  about  500  m;  however,  in  the  range  from 
200  m  to  500  m,  the  accuracy  of  the  prediction  decreases.   For 
distances  greater  than  500  m,  use  of  this  method  is  not 


recommended.   The  prediction  accuracy  also  decreases  in  cases  of 
highly  irregular  topography. 


2 .    Assessment  of  Noise  Impact 

STEAM  prediction  method  is  designed  for  the  assessment  of  noise 
impact  in  the  context  of  Land  Use  Planning  and  this  section 
presents  an  introduction  to  the  principles  of  the  impact 
assessment.   The  prediction  is  for  noise  produced  by  rolling 
stock  only  and  is  not  applicable  to  stationary  rail  noise  sources 
such  as  railway  yards.   Details  of  the  assessment  are  described 
in  the  "Model  Municipal  Noise  Control  By-Law"  [6] ,  "Environmental 
Noise  Assessment  in  Land  Use  Planning"  [7]  and  the  "Noise 
Assessment  Criteria  in  Land  Use  Planning"  [8]  published  by  the 
Ontario  Ministry  of  the  Environment. 

The  prediction  method  yields  the  24 -hour  equivalent  sound  level 
at  a  point  of  reception,  i.e.  receiver  position.   In  the  context 
of  impact  assessment  of  rail  noise  on  planned  land  uses  such  as 
residential  stibdivisions,  the  descriptors  are  the  16 -hour  day- 
time and  the  8-hour  night-time  equivalent  sound  levels. 
Conversion  from  the  24 -hour  sound  level  to  the  shorter  term 
levels  is  a  function  of  the  actual  day  and  night  traffic  volumes, 
see  Appendix  A.   This  Appendix  also  includes  a  summary  of  rail 
traffic  information  required  for  the  prediction  calculation. 

The  impact  assessment  considers  both  indoor  as  well  as  outdoor 
areas,  characterised  by  appropriate  noise  criteria.   In  order  to 
comply  with  the  MOB  criteria,  the  noise  level  must  be  assessed  in 
an  Outdoor  Living  Area,  such  as  a  rear  yard  or  a  patio,  and  in 
Indoor  Living  Areas,  such  as  bedrooms  and  living  rooms.   To 
accomplish  this,  the  rail  traffic  noise  impact  is  evaluated  at  a 
minimum  of  two  outdoor  receiver  locations,  typically  defined  as 
follows: 


3  m  from  the  building  facade  and  1.5m  above  ground,  for  the 
purposes  of  evaluating  the  sound  level  in  the  Outdoor  Living 
Area  ; 

in  the  plane  of  a  bedroom  window,  usually  4.5m  above  ground 
at  2nd  storey,  for  the  purposes  of  evaluating  the  indoor 
sound  level  in  bedrooms. 

The  prediction  at  both  outdoor  receiver  locations  yields  the 
free-field  equivalent  sound  level;  the  first  location  describes 

the  actual  noise  impact  in  the  Outdoor  Living  Area. 

For  the  purposes  of  assessing  the  noise  level  in  the  indoor  areas 
and,  consequently,  the  air-conditioning  and  acoustical  insulation 
requirements,  the  calculated  free-field  sound  level  at  the  facade 
has  to  be  adjusted  for  source/receiver  geometry  to  account  for 
differing  orientations  of  the  track  and  the  receiver.  Details  of 
these  adjustments  are  described  in  "Environmental  Noise 
Assessment  in  Land  Use  Planning"  [7] . 

Corrections  to  the  calculated  sound  levels  for  sound  reflection 
from  building  facades  are  not  generally  required  as  the  noise 
criteria  also  represent  free-field  sound  levels. 

Where  the  noise  impact  exceeds  the  applicable  criteria, 
mitigation  measures  such  as  noise  barriers,  special  building 
components  and/or  central  air  conditioning  may  be  necessary.   For 
the  purposes  of  assessing  the  noise  impact,  an  obstacle  may  only 
be  considered  as  a  "noise  barrier"  when  the  obstacle  breaks  the 
line  of  sight  between  the  source  and  the  receiver. 


2.1   Outdoor  Noise  Impact 

The  outdoor  noise  impact  is  assessed  in  the  Outdoor  Living  Area 
during  day-time  hours,  0700  to  2300,  considering  a  combination  of 


only  two  sources  of  rail  noise,  locomotive  and  wheel -rail, 
Whistle  noise  is  not  included  in  the  outdoor  noise  impact 
assessment . 


2.2   Indoor  Noise  Impact 

The  indoor  noise  impact  is  assessed  in  the  indoor  areas,  bedrooms 
during  the  night-time  hours,  2300  to  0700,  and  living  rooms  or 
similar  areas  during  day-time  hours,  0700  to  23  00.   The 
assessment  must  consider  the  combination  of  all  three  sources  of 
rail  noise,  locomotive,  wheel -rail  and  whistle. 


3 .    Description 

3.1   Concept  of  Prediction  Method 

The  prediction  method  is  based  on  an  assumption  that,  in 
acoustical  terms,  a  railway  track  may  be  represented  by  a  series 
of  straight  line  sections  (segments) ,  and  that  trains  travelling 
on  each  track  or  track  segment  may  be  classified  into  train 
types.   The  model  is  based  on  determination  of  the  reference 
sound  level  for  each  train  type  and  for  each  of  the  three  sources 
of  noise,  locomotive,  wheel-rail  and  whistle. 

The  model  uses  the  following  prediction  variables: 

Number  of  trains  types; 

Number  of  trains  per  train  type; 

Number  of  locomotives  per  train; 

Number  of  cars  per  train; 

Train  speed  of  a  train  type; 

Separation  distances; 

Angles  subtended  at  the  receiver  by  track  segments; 

Ground  absorption  coefficients; 


Shielding  due  to  barriers  (natural  or  man  made)  rows  of 
houses  and  dense  woods. 


3.2   Method  of  Prediction 

3.2.1      Railway  Track  Segments 

(a)  A  segment  of  a  railway  should  preferably  be  as  long  as 
possible  providing  the  sound  attenuation  mechanisms,  i.e. 
type  of  ground  surface  and  types  of  shielding  are 
approximately  constant. 

(b)  A  railway  segment  may  be  assumed  to  be  infinite,  i.e.  extend 
from  -90  to  90  degrees,  providing  that  the  railway  track 
extends  at  least  6  times  the  perpendicular  distance  from  the 
receiver  to  the  rail  track  centre,  in  each  direction. 

(c)  In  the  presence  of  several  railways,  each  railway  track  has 
to  be  represented  by  a  minimum  of  one  segment . 

For  example,  in  the  presence  of  a  finite  noise  barrier,  the 
configuration  would  be  represented  by  three  segments:  two  on 
either  side  of  the  barrier  and  one  for  the  barrier  itself.   The 
segment  angles  would  be  given  by  the  angles  subtended  at  the 
receiver  by  the  barrier. 


3.2.2      Train  Types 

Trains  are  classified  into  train  types  which  are  defined  by  the 
following  parameters: 

-  train  speed 

-  number  of  locomotives  per  train 

-  number  of  cars  per  train. 


The  train  type  may  be  identified  with  an  actual  type  of  trains 
being  used  such  as  "passenger  trains"  or  "freight  trains". 


3.2.3      Reference  Sound  Level  and  Adjustments 

The  reference  sound  level  is  determined  from  the  rail  traffic 
parameters.   Adjustments  to  the  reference  level  account  for: 

Separation  distance 
Finite  track  sections 
Shielding 

The  values  of  the  reference  sound  levels  and  the  adjustments  are 
given  in  the  attached  Tables  1  to  10. 


3.2.4      Multiple  Railways  or  Railway  Track  Segments 

The  equivalent  sound  level,  L^^,  from  the  entire  railway  track  is 
determined  by  combining  the  sound  level  contributions  from  each 
track  segment.   Similarly,  the  equivalent  sound  level  due  to 
traffic  on  multiple  railways  is  calculated  by  combining  the  sound 
levels  resulting  from  each  individual  railway  track.   The  sound 
levels  are  combined  using  a  logarithmic,  decibel  addition. 


4 .    Basic  Theory 

The  prediction  method  assumes  that  for  a  line  of  equally  spaced 
point  sources  travelling  at  the  same  speed  S,  the  equivalent 
sound  level  L^^  at  a  distance  D  (under  the  assumption  of  a 
reflective  ground  surface)  is  given  by: 


t2 

<  P_4   >    N    r        D,^f      2 

L,,   =   10  log  {-— — 7-—  ^^  J   (_ )    dt  }      ...(4.1) 

where  <  p^/^  >   is  the  sound  pressure  at  a  reference  distance  D^^j 
<  p,,^  >   =  2  .  10''  Pa 

N     is  the  number  of  point  sources  within  the  time 

period  T 
T     =  tj  -  t-i 
and       R     =  (D^  +  S^t^)^ 

where   D   is  the  actual  distance  from  the  track  to  the 
observation  point 

For  a  non- reflective,  absorptive  ground  surface,  the  method 
assumes  that  the  effect  of  ground  on  sound  propagation  from  a 
point  source  can  be  expressed  as: 


=         <     P*"     > _^_^  .  {      SffiJnd  ^  } 

.  .  .  (4.2) 


geometi 

spreading  Factor 


<  Pr:f  >     Dr;f 

10  log  {     ^  ^  2  ^   -T^  e 


where  e  is  a  factor  describing  the  effect  of  ground  surface  on 
sound  propagation  and  the  distances  D^^^  and  D  are  measured  along 
the  line  connecting  the  point  source  and  the  receiver. 

Similarly  to  expression  (4.1),  the  sound  level  produced  by  a  line 
of  equally  spaced  point  sources  (under  the  assumption  of  an 
absorbent  ground  surface)  is  given  by: 


<Pre£   >      N     r  D^^,  2 

<  VJ    >      ~T-   J   '-R )     ^ 


IQ  log  {   ^  „  .  ^  -Y-  ]     (-R )    e  dt  }    ...(4.3) 


The  method  further  assumes  that  the  excess  ground  attenuation  can 
be  expressed  as: 

.  .  .  (4.4) 

Dref      «  D,,f     „  1  ,/2 

-     i<P)  =   (  -R-  )   =   (^-)     (  s^^pr-) 

where  a  is  the  ground  absorption  coefficient. 

Using  the  conversion  St  =  D  tan  <p   and,  thus,  changing  the 
integration  limits  from  time  limits,  tj  and  t^,    to  angular 
(spatial)  limits,  <p^   and  <p2,    and  integrating,  the  expression  for 
the  equivalent  sound  level  produced  by  a  finite  segment  of  point 
sources  in  the  presence  of  acoustically  absorbent  ground  surface 
becomes: 


L,q   =   10  log(   ^p^y^  )  +  10  log(  -^-g )  +  10  log(^— )^^« 

+   10  log  {-^J  cos  ^   <p     d<p    }  ...  (4.5) 

For  a  time  period  T  of  24  hours,  the  equivalent  sound  level  is: 


D,ef 

Leq   =   L„  +  10  log  N  +  10  log  D^.^^  +  10(1  +  a)  log  ( -=—  ) 


1  p 
+   10  log  {-^J  cos  °^    <p      d<p    }    -    10  Ic 


D 
..  (4.6) 


where  L^   =   10  log ( 


-og  S 

:Pref> 


and 


is  the  reference  sound  emission  level  of  a  specific 
noise  source,  locomotive,  wheel-rail  or  whistle, 

N   is  the  number  of  trains  within  the  time  period  T. 


The  above  expression  illustrates  the  modular  nature  of  the  model, 
as  the  individual  terms  can  be  assigned  to  specific  modules  and 
evaluated  separately;  the  terms  are  interpreted  as  follows: 

L^gf   =   L^  +  10  log  D^^f  +10  log  N  -  10  log  S   -   38.8 

. . .  Reference  Sound  Level 


D.e£ 

Aj    =  10(1  +  o()log( — - —  )        ...  Distance  Adjustment 


1 
Af    =   10  log{ 1  cos*^  <p      d<p    }       ...    Finite  Segment  Adjust 

The  equivalent  sound  level  at  distance  D  produced  by  N  point 
sources  travelling  at  a  speed  S  can  therefore  be  written  as: 

^eq   =  ^ret      +   Adjustments  ...(4.7) 

The  following  sections  build  on  this  fundamental  characteristic 
of  the  model  and  describe  each  of  the  modules  separately. 


5 .    Modular  Formulation 

As  the  real  nature  of  noise  produced  by  passing  trains  is 
complex,  several  simplifying  assumptions  have  to  be  made  in  order 
to  establish  a  workable  prediction  model.   These  include  the 
following: 

A-weighted  L^^  is  the  most  appropriate  single  descriptor  of 

the  noise  impact; 

the  noise  level  at  a  receptor  position  may  be  extrapolated 

from  a  reference  noise  level,  estimated  at  a  distance  of 

15  m  from  the  railway  track; 

the  spectrum  of  the  locomotive  as  well  as  wheel-rail  noise 

may  be  described  by  a  single  dominant  frequency  of  500  Hz; 
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adjustments  to  the  reference  level  utilized  for  the  road 
traffic  noise  prediction  model  (ORNAMENT  [5] )  are 
applicable . 

The  modular  nature  of  the  prediction  method  was  established  in 
expression  (4.7) .   Extending  the  application  of  this  expression 
to  situations  which  involve  various  shielding  mechanisms,  the 
24-hour  equivalent  sound  level,  L^^,  at  a  point  of  reception 
generated  by  trains  of  the  same  type  travelling  on  a  section 
(segment)  of  a  railway  track  is  given  by  a  combination  of  noise 
produced  by  the  locomotive (s) ,  noise  produced  by  the  wheel-rail 
interaction,  and  noise  produced  by  the  whistle: 


L,,J10  L,,/10       L„,/10 

10  log  [10        +10        +10       ]    ... (5.1) 


where  L^^^  is  the  equivalent  sound  level  produced  by  the 
locomotive (s) ,  L„^  is  the  equivalent  sound  level  produced  by  the 
wheel -rail  interaction,  and  L^,.^,  is  the  equivalent  sound  level 
produced  by  the  warning  signal,  i.e.  whistle. 

Calculation  of  the  equivalent  sound  level  given  by  (5.1)  can  be 
made  for  any  representative  time  period.   However,  in  order  to 
allow  for  a  tabular  presentation  of  sound  level  data  in  Tables  1, 
2  and  3,  the  L^^   in  this  document  is  defined  in  terms  of  a  24 
hour  period. 

The  locomotive  sound  level  and  wheel-rail  interaction  sound  level 
are  given  by: 


(5.2a) 


(5.2b) 


:5.2c) 


re 

Lref.l 

is 

the 

Lref.wr 

is 

the 

Lref.wh 

is 

the 

Aa 

is 

the 

A, 

is 

the 

A. 

A, 

or 

A„   or  A. 

Locomotive  reference  sound  level; 
Wheel-rail  reference  sound  level; 
Whistle  reference  sound  level; 
Distance  Adjustment; 
Finite  segment  adjustment; 
Shielding  adjustment. 


where     A^   is  the  barrier  attenuation  adjustment; 
A^      is  the  adjustment  for  rows  of  houses; 
A^   is  the  adjustment  for  dense  woods. 

The  above  analysis  is  for  a  specific  segment  and  train  type.   The 
total  equivalent  sound  level  at  a  point  of  reception,  resulting 
from  train  movements  along  several  track  segments,  is  given  by  a 
logarithmic  addition  of  contribution  from  the  individual 
segments : 

L.^,/10      L,,2/10       L,,3/10 
L^q   =   10  log  [10       +10        +10       +  ..]   ...(5.3) 

where  L^^i,  L^^j/  and  L^^j  are  the  sound  levels  from  each  railway 
track  segment,  calculated  using  expression  (5.1).   Similarly, 
same  expression  must  be  used  to  calculate  the  sound  level  from 
several  train  types. 


5.1   Reference  Sound  Levels 

The  reference  sound  levels  are  sound  levels  at  a  reference 
distance  of  15  m  from  the  track.   The  levels  are  a  function  of 
the  number  trains  and  locomotives  in  a  24  hour  period,  locomotive 
loading  and  train  speed.   A  self-powered  rail  car  must  be  counted 
as  one  locomotive  if  diesel-powered,  or  as  two  railway  cars  if 
electrically  powered. 
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The  reference  sound  levels  produced  by  the  three  sources  must  be 
defined  separately  and  the  definitions  are  given  in  the  following 
Sections  5.1.1,  5.1.2  and  5.1.3.   Tables  1  (a),  1  (b) ,  2  and  3, 
and  Figures  1  and  2  present  the  reference  sound  levels  of  the 
locomotive,  wheel-rail  and  whistle  noise. 

Expressions  (5.4),  (5.5)  and  (5.6)  which  define  the  reference 
sound  levels  are  valid  only  for  a  period  of  24  hours.   A  general 
definition  of  the  reference  levels  would  include  a  term  given  by 
10  log(24/T),  where  T  is  the  actual  time  period  in  hours. 


5.1.1      Locomotive  Exhaust  Noise 

The  reference  sound  level  produced  by  the  locomotive  engine  and 
exhaust  is  given  by  (see  Appendix  B) : 

.  .  .  (5.4) 
Lret.i  =  10  log  Nj  -  10  log  S  +  0  .  15  n  +  58  .  9,       S  <  30km/h 
=  10  log  Ni  +  13.5  log  S+0.15n+24.2,     S>  30km/h 

where     N^  is  the  total  number  of  locomotives  24  hours, 

n  is  the  loading  in  number  of  cars  per  locomotive, 
S  is  the  operating  speed. 


5.1.2      Wheel-rail  Interaction  Noise 

The  reference  sound  level  produced  by  the  wheel -rail  interaction 
noise  is  given  by  (see  Appendix  B) : 

L^^t.^r      =   6.1  +  10  log[Ni(n  +  1)]  +  15.7  log  S      ...(5.5) 

where  N^,  n  and  S  are  defined  in  (5.4)  . 
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5.1.3      Whistle  Noise 

The  24  hour  reference  sound  level  is  given  by  (see  Appendix  B) : 

Lref.wh   =   76.9  +  10  log  N  -  10  log  S  ...(5.6) 

where  N  is  the  number  of  trains  in  24  hours.  It  is  assumed  that 
the  same  number  of  trains  travel  in  both  directions  and  that  the 
noise  is  produced  within  an  800  m  zone,  400  m  either  side  of  the 
railway  crossing,  see  Tables  3  (a)  and  (b) . 

5.2   Distance  Adjustment 

The  distance  adjustment,  which  accounts  both  for  the  geometric 
spreading  as  well  as  the  effect  of  ground  surface,  is  given  by 
the  following  expression: 

A^    =   10  (1  +  a)  log(D^^j/D)  ...(5.7) 

where 

1.  Reflective  Surfaces  (hard  ground) 
a   =   0 

2.  Absorptive  Surfaces  (soft  ground) 

a  =   0  .  6  6  ,  h„f f  <  3  m 

heff 

(X  =   0.75  (  1  -  )      ,     3  <  h^„  <  25  m 


where  a  is  the  ground  absorption  coefficient  and 
hgjf  is  the  total  effective  height. 

Distance  adjustment  values  are  shown  in  Table  4  and  Figure  3. 
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5.2.1      Reflective  Surfaces 

Water  surfaces  and  hard  ground  surfaces  (e.g.  all  pavements,  and 
hard  packed  gravel,  earth,  etc.)  are  considered  to  be  sound 
reflective.   If  more  than  half  of  the  ground  surface  between  the 
centre  line  of  the  railway  track  and  the  point  of  reception  is 
sound  reflective,  the  ground  absorption  coefficient,  «,  is 
assumed  to  be  zero. 


5.2.2      Absorptive  Surfaces 

Soft  ground  surfaces  such  as  ploughed  fields,  or  ground  covered 
with  grass,  shrubs,  or  other  forms  of  vegetation  are  considered 
to  be  sound  absorptive.   If  more  than  half  of  the  ground  surface 
between  the  centre  line  of  the  railway  track  and  the  point  of 
reception  is  sound  absorptive,  the  ground  absorption  coefficient 
is  assumed  to  be  given  by  the  expression  for  absorptive  ground, 
varying  between  0  and  0.66. 


5.2.3      Total  Effective  Height 

The  total  effective  height  (h^,f)  is  defined  as  a  function  of  the 
receiver  height  (r) ,  effective  source  height  (s),  barrier  height 
(h) ,  height  of  woods  (w) ,  and  the  change  of  ground  elevation  (e) , 
For  a  flat  ground  of  any  grade,  for  example,  the  total  effective 
height  is  given  by 


Definitions  of  the  total  effective  height  are  given  in  Figure  4. 
The  actual  topographical  situations  should,  where  possible,  be 
modelled  by  one  of  the  cases  shown  in  Figure  4.   Configurations 
which  cannot  be  modelled  by  one  of  the  cases  have  to  be  assessed 
by  other  means. 


Application  of  Figure  4  is  restricted  to  topographies  for  which 
the  horizontal  distances  are  much  greater  than  the  vertical 
distances.   In  cases  where  the  vertical  distance,  such  as  the 
elevation,  is  of  the  same  order  of  magnitude  as  any  of  the 
horizontal  distances,  other  means  of  assessment  are  necessary. 


5.2.4      Receiver  and  Source  Heights 

The  height  of  the  receiver  above  ground  is  not  specifically 
defined  in  the  sound  level  prediction  method.   However,  for  the 
purposes  of  assessing  the  noise  impact  on  single  family  dwellings 
and  townhouse  units,  the  following  receiver  heights  are  used: 

1.5m,  defining  the  outdoor  living  area; 

4.5m,  defining  a  2nd  storey  window. 

The  effective  source  heights  are  defined  as  follows: 

4.0m,  height  of  the  locomotive  and  whistle  noise  sources; 
0.5m,  height  of  the  wheel-rail  interaction  noise  source. 


5.3   Finite  Segment  Adjustment 

It  is  necessary  to  divide  a  railway  track  into  segments  in  order 
to  account  for  the  different  parameters  such  as  the  presence  of 
whistle  noise,  track  alignment  (horizontal/vertical) ,  ground 
surface  type  and  shielding.   To  account  for  the  reduction  in 
acoustic  energy  arriving  at  the  receiver  from  different  angles, 
an  adjustment  must  be  made  to  the  reference  sound  level.   The 
adjustment  is  dependent,  not  only  on  the  angle  subtended  at  the 
receiver  by  the  road  segment,  but  also  on  the  type  of  ground 
surface  within  the  area  of  the  subtended  angle. 

The  adjustment  for  finite  segment,  i.e.  finite  length  of  the 
track  section,  is  given  by  the  following  expression: 


1 

Af   =   10  log  { J  cos  ^^  <p   d$  }  ...  (5  .8) 

Oi 
The  angles  (pj_   and  <p-,  expressed  in  radians,  define  the  extent 
of  the  track  segment  at  the  receiver  location,  see  Table  6. 
The  expression  applies  universally  to  all  surfaces;  however,  in 
case  of  a  reflective  surface,  the  expression  simplifies  to 

Af   =   10  log  {  },  Reflective  surface  ...(5.9) 

Figure  5  and  Table  5  present  the  finite  segment  adjustment  for 
reflective  ground  surfaces.   Figures  6.1  through  to  6.4,  and 
Tables  7.1  through  to  7.4  present  the  adjustment  for  absorptive 
ground  surfaces.   Application  of  this  adjustment  is  always 
necessary  when  whistle  noise  is  present.   Tables  3(a)  and  3(b) 
present  the  angles  that  define  the  "whistle  zone"  segment. 


5.4   Shielding  Adjustment 

The  shielding  adjustment  is  found  from  the  shielding  effect 
provided  by  three  potential  obstacles: 

dense  woods 

barriers 

rows  of  houses 

In  case  of  a  combination  of  two  or  three  obstacles,  such  as  woods 
and  houses,  or  barrier  and  houses,  the  sound  level  L^  is 
evaluated  using  the  individual  shielding  adjustments  in  the 
absence  of  the  other  and  the  value  of  A^,  A^  or  A^  which,  in 
combination  with  the  distance  and  finite  segment  adjustments,  A^ 
and  Af,  results  in  the  lowest  sound  level  is  used: 

Ag    =   Ab   or   A^,   or   A^,  ,    whichever  produces  the  lowest 

L„  when  combined  with  A^  +  A, . 
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5.4.1      Adjustment  for  Dense  Woods 

An  adjustment  may  be  made  to  account  for  the  presence  of  trees 
providing  they  are  very  dense,  i.e  no  visual  path  between  the 
track  and  the  receiver,  and  the  height  of  the  trees  is  a  minimum 
of  5  m  above  the  line  of  sight.   Table  8  presents  the  adjustment 
versus  the  depth  of  the  trees. 

When  this  adjustment  is  used  in  combination  with  the  distance 
adjustment  for  absorptive  ground  surface,  the  effective  height  of 
the  source  and  receiver  must  be  increased  by  twice  the  minimum 
tree  height  (w) ,  i.e.  by  10  m,  see  Figure  4. 


5.4.2      Adjustment  for  Barriers  (Barrier  Attenuation) 

Details  of  the  concept  and  the  method  evaluating  the  barrier 
attenuation  are  given  in  [5] ;  the  resultant  expressions  of  the 
analysis  are  given  below. 

Barrier  attenuation  is  given  by  the  following  expressions: 

. . .  (5.10) 

1      ®^ 
A^   =  10  log  (  r    tj@)       dG  }       for  N„  <  0 

A    =   -  5  dB,  for  N„  =  0 

b  ° 

A^   =  10  log  {  r   fjCe)   d0  }       for  N„  >  0 


e,  -  e, 


©1 


where 

fi  (0)  =   1  for  N„  cos  0  <  -0.1916 

f,  (0)  =    tan  ^  /  zu    |nJ  cos  u      ^^^  -0.1916<  N,  cos  0  <  0 
/"TD   2n  |N^|  cos  0 

1 
f,  (0)  =   f,  (0)  =  for  N„  cos  0  =  0 


/  10 


and 


f,    (0)     =  tanh   -   /   ^n   N,   cos   C.  ^^^    0    <    N,   cos    ©    <    5.03 

V"TT3      2n  No   cos   0 

f^    (0)    =  -^  for  No   cos   0   >    5.03 

100 

where  N,  is  Fresnel  Number  at  500  Hz, 

No  =  (2  f/c) . (PLD)  =  2.915  .  (Path  Length  Difference  in  meters), 


and  01  and  02   are  the  angles  subtended  by  the  finite  barrier  at 
the  receiver.   These  angles  generally  define  the 
track  segment  size  and,  therefore,  are  identical 
to  angles  cpj  and  (fi,  • 

Barrier  attenuation  may  only  be  utilized  in  the  calculation  when 
the  barrier  breaks  the  line  of  sight  between  the  source  and  the 
receiver  and  the  calculation  must  be  performed  using  the  actual 
source  heights  of  0.5  m  and  4  m  separately.   The  adjustment  for 
infinite  barriers  (infinite  barrier  attenuation)  is  presented  in 
Table  10. 


5.4.3      Adjustment  for  Rows  of  Houses 

An  adjustment  to  account  for  the  presence  of  rows  of  houses 
between  the  source  and  the  receiver  is  dependent  on  the 
percentage  of  gaps  between  the  houses  and  on  the  source- receiver 


distance;  Table  9  and  Figure  7  give  the  value  of  the  adjustment. 
When  the  track  and  the  receiver  are  separated  by  more  than  one 
row  of  houses,  1.5  dB  should  be  added  for  each  additional  row. 
Details  of  the  method  that  was  used  to  generate  the  values  of  the 
adjustment  are  given  in  [5] . 

In  general,  the  adjustment  applies  to  both  the  receiver  on  the 
ground  as  well  as  the  receiver  at  the  2nd  storey  window. 
However,  when  the  screening  is  being  provided  by  a  row  of  single 
storey  houses  such  as  bungalows,  the  adjustment  may  only  be 
applied  to  the  ground  level  receiver.   Furthermore,  the 
adjustment  is  only  applicable  in  the  context  of  a  subdivision, 
for  a  receiver  between  rows  of  houses  or  behind  the  last  row. 
The  validity  of  the  adjustment  is  limited  to  rows  of  houses  where 
the  houses  occupy  at  minimum  of  20  %  of  the  row.   Furthermore, 
the  adjustment  is  not  applicable  for  large  row-to-receiver 
distances . 

When  this  adjustment  is  used  in  combination  with  the  distance 
adjustment  for  absorptive  ground,  the  total  effective  height  is 
given  by  the  effective  source  height  and  receiver  height. 
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TABLE  1  (a) 

Locomotive  Reference  Sound  Level  in  dBA 

Reference  Distance  =  15  m 


Train 

Average  Number  o 

f  Cars 

per  Locomoti 

ve 

Speed 
(k.m/h) 

1 

5 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

20 

46.0 

46.6 

47.4 

48.1 

48.9 

49.6 

50.4 

51.1 

51.9 

52.6 

53.4 

54.1 

54.9 

25 

45.1 

45.7 

46.4 

47.2 

47.9 

48.7 

49.4 

50.2 

50.9 

51.7 

52.4 

53.2 

53.9 

30 

44.3 

44  .9 

45.6 

46.4 

47.1 

47.9 

48.6 

49.4 

50.1 

50.9 

51.6 

52.4 

53.1 

35 

45.2 

45.8 

46.5 

47.3 

48.0 

48.8 

49.5 

50.3 

51.0 

51.8 

52.5 

53.3 

54.0 

40 

46.0 

46.6 

47.3 

48.1 

48.8 

49.6 

50.3 

51.1 

51.8 

52.6 

53.3 

54.1 

54.8 

45 

46.7 

47.3 

48.0 

48.8 

49.5 

50.3 

51.0 

51.8 

52.5 

53.3 

54.0 

54.8 

55.5 

50 

47.3 

47.9 

48.6 

49.4 

50.1 

50.9 

51.6 

52.4 

53.1 

53.9 

54.6 

55.4 

56.1 

55 

47.8 

48.4 

49.2 

49.9 

50.7 

51.4 

52.2 

52.9 

53.7 

54.4 

55.2 

55.9 

56.7 

60 

48.4 

49.0 

49.7 

50.5 

51.2 

52.0 

52.7 

53.5 

54.2 

55.0 

55.7 

56.5 

57.2 

65 

48.8 

49.4 

50.2 

50.9 

51.7 

52.4 

53.2 

53.9 

54.7 

55.4 

56.2 

56.9 

57.7 

70 

49.3 

49.9 

50.6 

51.4 

52.1 

52.9 

53.6 

54.4 

55.1 

55.9 

56.6 

57.4 

58.1 

75 

49.7 

50.3 

51.0 

51.8 

52.5 

53.3 

54.0 

54.8 

55.5 

56.3 

57.0 

57.8 

58.5 

80 

50.0 

50.6 

51.4 

52.1 

52.9 

53.6 

54.4 

55.1 

55.9 

56.6 

57.4 

58.1 

58.9 

85 

50.4 

51.0 

51.7 

52.5 

53.2 

54.0 

54.7 

55.5 

56.2 

57.0 

57.7 

58.5 

59.2 

90 

50.7 

51.3 

52.1 

52.8 

53.6 

54.3 

55.1 

55.8 

56.6 

57.3 

58.1 

58.8 

59.6 

100 

51.4 

51.9 

52.7 

53.4 

54.2 

54.9 

55.7 

56.4 

57.2 

57.9 

58.7 

59.4 

60.2 

110 

51.9 

52.5 

53.3 

54.0 

54.8 

55.5 

56.3 

57.0 

57.8 

58.5 

59.3 

60.0 

60.8 

120 

52.4 

53.0 

53.8 

54.5 

55.3 

56.0 

56.8 

57.5 

58.3 

59.0 

59.8 

60.5 

61.3 

130 

52.9 

53.5 

54.2 

55.0 

55.7 

56.5 

57.2 

58.0 

58.7 

59.5 

60.2 

61.0 

61.7 

TABLE  1 


Adjustment  for  Number  of  Locomotives  in  24  hours 


No.  of  Loc 
in  24  hrs 

12    3    4     5    7 

10 

15 

20 

30 

40 

50 

70 

100 

150 

200 

Adjustment 
(dBA) 

0.0  3.0  4.8  6.0  7.0  8.5 

10. 
0 

11. 

13. 
0 

14. 
8 

16. 
0 

17. 
0 

18. 
5 

20. 
0 

21. 

23. 
0 

Wheel-Rail  Interaction  Reference  Sound  Level  in  dBA 
Reference  Distance  =  15  m 


Train 
Speed 

Total 

Numbe 

r  of 

Cars  ( 

includ 

ing  locomoti 

ves]    in  24  hours 

(km/h 
) 

10 

2  0 

50 

100 

150 

200 

250 

300 

400 

500 

700 

1000 

1500 

2000 

20 

36.5 

39.5 

43.5 

46.5 

48.3 

49.5 

50.5 

51.3 

52.5 

53.5 

55.0 

56.5 

58.3 

59.5 

25 

38.0 

41.1 

45.0 

48.0 

49.8 

51.1 

52.0 

52.8 

54.1 

55.0 

56.5 

58.0 

59.8 

61.1 

30 

39.3 

42.3 

46.3 

49.3 

51.1 

52.3 

53.3 

54.1 

55.3 

56.3 

57.7 

59.3 

61.1 

62.3 

35 

40.3 

43.4 

47.3 

50.3 

52.1 

53.4 

54.3 

55.1 

56.4 

57.3 

58.8 

60.3 

62.1 

63.4 

40 

41.3 

44.3 

48.2 

51.3 

53.0 

54.3 

55.2 

56.0 

57.3 

58.2 

59.7 

61.3 

63.0 

64.3 

45 

42.1 

45.1 

49.0 

52.1 

53.8 

55.1 

56.0 

56.8 

58.1 

59.0 

60.5 

62.1 

63.8 

65.1 

50 

42.8 

45.8 

49.8 

52.8 

54.5 

55.8 

56.8 

57.5 

58.8 

59.8 

61.2 

62.8 

64.5 

65.8 

55 

43.4 

46.4 

50.4 

53.4 

55.2 

56.4 

57.4 

58.2 

59.4 

60.4 

61.9 

63.4 

65.2 

66.4 

60 

44.0 

47.0 

51.0 

54.0 

55.8 

57.0 

58.0 

58.8 

60.0 

61.0 

62.5 

64.0 

65.8 

67.0 

65 

44.6 

47.6 

51.6 

54.6 

56.3 

57.6 

58.5 

59.3 

60.6 

61.6 

63.0 

64.6 

66.3 

67.6 

70 

45.1 

48.1 

52.1 

55.1 

56.8 

58.1 

59.0 

59.8 

61.1 

62.1 

63.5 

65.1 

66.8 

68.1 

75 

45.5 

48.5 

52.5 

55.5 

57.3 

58.5 

59.5 

60.3 

61.6 

62.5 

64.0 

65.5 

67.3 

68.5 

80 

46.0 

49.0 

53.0 

56.0 

57.7 

59.0 

60.0 

60.7 

62.0 

63.0 

64.4 

66.0 

67.7 

69.0 

85 

46.4 

49.4 

53.4 

56.4 

58.2 

59.4 

60.4 

61.2 

62.4 

63.4 

64.8 

66.4 

68.2 

69.4 

90 

46.8 

49.8 

53.8 

56.8 

58.5 

59.8 

60.8 

61.6 

62.8 

63.8 

65.2 

66.8 

68.5 

69.8 

100 

47.5 

50.5 

54.5 

57.5 

59.3 

60.5 

61.5 

62.3 

63.5 

64.5 

66.0 

67.5 

69.3 

70.5 

110 

48.1 

51.2 

55.1 

58.1 

59.9 

61.2 

62.1 

62.9 

64.2 

65.1 

66.6 

68.1 

69.9 

71.2 

120 

48.7 

51.8 

55.7 

58.7 

60.5 

61.8 

62.7 

63.5 

64.8 

65.7 

67.2 

68.7 

70.5 

71.8 

130 

49.3 

52.3 

56.3 

59.3 

61.0 

62.3 

63.3 

64.1 

65.3 

66.3 

67.7 

69.3 

71.0 

72.3 

TABLE    3 

Whistle    Reference    Sound   Level    in   dBA 

Reference   Distance    =    15    m 


Train 
Speed 

Average 

Number  of  Trains 

per  24 

hours 

(km/h 
) 

2 

4 

6 

S 

10 

14 

20 

24 

30 

36 

44 

56 

70 

90 

20 

66.9 

69.9 

71.7 

72.9 

73.9 

75.4 

76.9 

77.7 

78.7 

79.5 

80.3 

81.4 

82.3 

83.4 

25 

65.9 

68.9 

70.7 

72.0 

72.9 

74.4 

75.9 

76.7 

77.7 

78.5 

79.4 

80.4 

81.4 

82.5 

30 

65.1 

68.1 

69.9 

71.2 

72.1 

73.6 

75.1 

75.9 

76.9 

77  .7 

78.6 

79.6 

80.6 

81.7 

35 

64.5 

67.5 

69.2 

70.5 

71.5 

72.9 

74.5 

75.3 

76.2 

77.0 

77.9 

78.9 

79.9 

81.0 

40 

63.9 

66.9 

68.7 

69.9 

70.9 

72.3 

73.9 

74.7 

75.7 

76.4 

77.3 

78.4 

79.3 

80.4 

45 

63.4 

66.4 

68.1 

69.4 

70.4 

71.8 

73.4 

74.2 

75.1 

75.9 

76.8 

77.8 

78.8 

79.9 

50 

62.9 

65.9 

67.7 

68.9 

69.9 

71.4 

72.9 

73.7 

74.7 

75.5 

76.3 

77.4 

78.4 

79.5 

55 

62.5 

65.5 

67.3 

68.5 

69.5 

71.0 

72.5 

73.3 

74.3 

75.1 

75.9 

77.0 

77.9 

79.0 

60 

62.1 

65.1 

66.9 

68.1 

69.1 

70.6 

72.1 

72.9 

73.9 

74.7 

75.6 

76.6 

77.6 

78.7 

65 

61.8 

64.8 

66.6 

67.8 

68.8 

70.2 

71.8 

72.6 

73.5 

74.3 

75.2 

76.3 

77.2 

78.3 

70 

61.5 

64.5 

66.2 

67.5 

68.4 

69.9 

71.5 

72.3 

73.2 

74.0 

74.9 

75.9 

76.9 

78.0 

75 

61.2 

64.2 

65.9 

67.2 

68.1 

69.6 

71.2 

72.0 

72.9 

73.7 

74.6 

75.6 

76.6 

77.7 

80 

60.9 

63.9 

65.7 

66.9 

67.9 

69.3 

70.9 

71.7 

72.6 

73.4 

74.3 

75.4 

76.3 

77.4 

85 

60.6 

63.6 

65.4 

66.6 

67.6 

69.1 

70.6 

71.4 

72.4 

73.2 

74.0 

75.1 

76.1 

77.1 

90 

60.4 

63.4 

65.1 

66.4 

67.4 

68.8 

70.4 

71.2 

72.1 

72.9 

73.8 

74.8 

75.8 

76.9 

100 

59.9 

62.9 

64.7 

65.9 

66.9 

68.4 

69.9 

70.7 

71.7 

72.5 

73.3 

74.4 

75.4 

76.4 

110 

59.5 

62.5 

64.3 

65.5 

66.5 

67.9 

69.5 

70.3 

71.3 

72.0 

72.9 

74.0 

74.9 

76.0 

120 

59.1 

62.1 

63.9 

65.1 

66.1 

67.6 

69.1 

69.9 

70.9 

71.7 

72.5 

73.6 

74.6 

75.7 

130 

58.8 

61.8 

63.5 

64.8 

65.8 

67.2 

68.8 

69.6 

70.5 

71.3 

72.2 

73.2 

74.2 

75.3 

The  Reference  Sound  Level   is   for  a  receiver  directly  opposite   the  crossing. 

The   Reference   Sound  Level   values   assume   same  number   of    trains    in  both  directions. 
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TABLE  3 (a) 

Whistle  Zone  Angle  Oi,  Subtended  at  the  Receiver 

(Receiver  on  the  Left  Side  of  Crossing,  i.e.  positive  value  of  x) 


Src-Rcvr 
Distance 

Distance  x  from  Rce 

iver  to 

Cross 

Lng  (m) 

D  (m) 

0 

50 

100    200    300 

400 

500 

600 

800 

1000 

15 

-88 

-88 

-87    -86    -81 

0 

81 

86 

88 

89 

50 

-83 

-82 

-81     -76     -63 

0 

63 

76 

83 

85 

100 

-76 

-74 

-72     -63     -45 

0 

45 

63 

76 

81 

150 

-69 

-67 

-63     -53     -34 

0 

34 

53 

69 

76 

200 

-63 

-60 

-56     -45     -27 

0 

27 

45 

63 

72 

300 

-53 

-49 

-45     -34     -18 

0 

18 

34 

53 

63 

400 

-45 

-41 

-37     -27     -14 

0 

14 

27 

45 

56 

500 

-39 

-35 

-31     -22     -11 

0 

11 

22 

39 

50 

TABLE    3 (b) 

Whistle    Zone  Angle   O2,    Subtended   at    the   Receiver 

(Receiver   on   the   Left    Side   of    Crossing,    i.e.    positive  value   of   x) 


Src-Rcvr 

Distance  x  f 

rom  Rce 

iver  to 

Crossing  (m) 

Distance 

D  (m) 

0 

50 

100     200 

300 

400 

500 

600 

800 

1000 

15 

88 

88 

88      89 

89 

89 

89 

89 

89 

89 

50 

83 

84 

84      85 

86 

86 

87 

87 

88 

88 

100 

76 

77 

79      81 

82 

83 

84 

84 

85 

86 

150 

69 

72 

73      76 

78 

79 

81 

81 

83 

84 

200 

63 

66 

68      72 

74 

76 

77 

79 

81 

82 

300 

53 

56 

59      63 

67 

69 

72 

73 

76 

78 

400 

45 

48 

51      56 

60 

63 

66 

68 

72 

74 

500 

39 

42 

45      50 

54 

58 

61 

63 

67 

70 

For  a   receiver  on   the   right    side   of    the   crossing,    i.e.    negative   value   of   x, 
the   tables   apply  as    follows: 

Table   3(a)    defines   the  negative   values   of   02,    i.e.    -<p2 
Table    3(b)    defines   the  negative   values   of   ol,    i.e.    -01 


IS   the   source-receiver 
distance 

Track 
is    the   shortest   distance 
from   the   receiver   to  the   crossing 
(x   is   positive) 

Receiver 


Whistle  Zone 


TABLE  7 
Adjustment  for  Distance  from  Source  to  Point  of  Reception 


Total 
Effect 
Height 


Ground 
Absorp 


Perpendicular  Distance  from  Source  to  Point  of  Reception  (m) 


15    20    30 


50    60    80    100   120   150   200   250   50C 


1.5 

0.66 

2.0 

0.66 

3.0 

0.66 

4.0 

0.63 

6.0 

0.57 

8.0 

0.51 

10.0 

0.45 

12.0 

0.39 

16.0 

0.27 

20.0 

0.15 

25.0 

0.00 

and   up 

Adjustment  in  dBA  for  Non-Reflective  Surfaces 

0.0  -2.1  -5.0  -7.1  -8.7-10.0-12.1-13.7-15.0-16.6-18.7-20.3-25.3 

0.0  -2.1  -5.0  -7.1  -8.7-10.0-12.1-13.7-15.0-16.6-18.7-20.3-25.3 

0.0  -2.1  -5.0  -7.1  -8.7-10.0-12.1-13.7-15.0-16.6-18.7-20.3-25.3 

0.0  -2.0  -4.9  -6.9  -8.5  -9.8-11.9-13.4-14.7-16.3-18.3-19.9-24.8 

0.0  -2.0  -4.7  -6.7  -8.2  -9.5-11.4-12.9-14.2-15.7-17.7-19.2-23.9 

0.0  -1.9  -4.5  -6.4  -7.9  -9.1-11.0-12.4-13.6-15.1-17.0-18.4-23.0 

0.0  -1.8  -4.4  -6.2  -7.6  -8.7-10.5-11.9-13.1-14.5-16.3-17.7-22.1 

0.0  -1.7  -4.2  -5.9  -7.3  -8.4-10.1-11.5-12.6-13.9-15.6-17.0-21.2 

0.0  -1.6  -3.8  -5.4  -6.6  -7.6  -9.2-10.5-11.5-12.7-14.3-15.5-19.3 

0.0  -1.4  -3.5  -4.9  -6.0  -6.9  -8.4  -9.5-10.4-11.5-12.9-14.1-17.5 

0.0  -1.2  -3.0  -4.3  -5.2  -6.0  -7.3  -8.2  -9.0-10.0-11.2-12.2-15.2 


Adjustment  in  dBA  for  Reflective  Surfaces 
0.0  -1.2  -3.0  -4.3  -5.2  -6.0  -7.3  -8.2  -9.0-10.0-11.2-12.2-15.2 
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TABLE  5 
Adjustment  for  Finite  Secfment :  Reflective  Surface 


Subtended 
Angle 

<p2    -    Ol 
(deg) 

Adjustment 
(dBA) 

Subtended 
Angle 

(p.  -  (p. 
(deg) 

Adjustment 
(dBA) 

180 

0.0 

50 

-5.6 

160 

-0.5 

45 

-6.0 

140 

-1.1 

40 

-6.5 

120 

-1.8 

35 

-7.1 

100 

-2.5 

30 

-7.8 

90 

-3.0 

25 

-8.6 

80 

-3.5 

20 

-9.5 

70 

-4.1 

15 

-10.8 

60 

-4.8 

10 

-12.6 

55 

-5.1 

5 

-15.6 

-  27  - 

TABLE  6 

Angular  Relationship  between  Road  Segments  and  Receiver  Locations 


SEGMENT,  ANGLES  AND  RECEIVER 


CASE  1 

(j)]^  is  negative 

({)2  is  positive 

Segment 

.  Receiver 

CASE  2. 

(j)3^  is  negative 

(1)2  is  negative 

Segment 

Receiver  ^ 

CASE  3. 

(|)2  is  positive 

^2  is  positive 

Segment 

1                  1 

^  Receiver 

EXAMPLES 
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TABLE  8 
Adjustment  for  Dense  Woods 


Minimum  Depth  of  Woods 
between  Source  and  Receiver 

(m) 

Attenuation 
(dBA) 

less  than  30 
30  to  60 
60  and  up 

0 
-5 

-10 

-  33  - 

TABLE  9 
Adjustment  For  Rows  Of  Houses 


First  Row  of  Houses 

Percentage 

of  Row 

Occupied 

by  Houses 

(1-p) 

30 

Distance  from  Source  to 
Point  of  Reception  (m) 

60          120         240 

480 

Adjustment  in  dBA 

20 

-0.9 

-0.9         -0.9         -0.8 

-0.8 

25 

-1.2 

-1.2         -1.1         -1.1 

-1 

30 

-1.5 

-1.4         -1.4         -1.3 

-1.3 

35 

-1.8 

-1.7         -1.7         -1.6 

-1.5 

40 

-2  .1 

-2.0         -2.0         -1.9 

-1.8 

45 

-2.4 

-2.4         -2.3         -2.2 

-2.1 

50 

-2.8 

-2.7         -2.6         -2.5 

-2.4 

55 

-3.2 

-3.1         -3.0         -2.9 

-2.7 

60 

-3.7 

-3.6         -3.4         -3.2 

-3.0 

65 

-4.2 

-4.0         -3.9         -3.7 

-3  .4 

70 

-4.7 

-4.6         -4.4         -4.1 

-3.8 

75 

-5.4 

-5.2         -5.0         -4.7 

-4.3 

80 

-6.2 

-5.9         -5.6         -5.3 

-4.8 

85 

-7.1 

-6.8         -6.4         -6.0 

-5.4 

90 

-8.4 

-7.9         -7.4         -6.8 

-6.1 

95 

10.1 

-9.4         -8.6         -7.8 

-6.9 

Additional  Rows  of  Houses 

Apply  adjustment  of  -15  dBA  for  each  successive  row 
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TABLE  10 

Adjustment  for  Infinite  Barriers 
(Infinite  Barrier  Attenuation) 


PLD 
(m) 

Fresnel 
Number 

Attenuation 
(dB) 

0.00 

0.00 

-5.0 

0.02 

0.06 

-5.6 

0.05 

0.15 

-6.4 

0.10 

0.29 

-7.4 

0.15 

0.44 

-8.2 

0.20 

0.58 

-8.9 

0.25 

0.73 

-9.4 

0.30 

0.87 

-9.9 

0.40 

1.17 

-10.7 

0.50 

1.46 

-11.4 

0.70 

2.04 

-12.4 

1    1.00 

2.92 

-13.6 

PLD  is  the  Path  Length  Difference 
Fresnel  Number  =  2.915  *  PLD 
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Reference  Sound  Levels  (dBA) 
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Figure  1:  Equivalent  Sound  Level  Produced  by  the  Locomotive 

Engine  /  Exhaust  and  Wheel-Rail  Interaction,  assuming  1 
Locomotive  and  10  Cars,  at  a  Reference  Distance  of  15  m 
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Reference  Sound  Levels  (dBA) 
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Figure  2 


Whistle  Reference  Sound  Level  for  1  Train  at  a 
Reference  Distance  of  15  m 
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Figure  3:  Distance  Adjustment 


TOTAL  EFFECTIVE  HEIC^HT  DEFINITIQN.q 
Topography  Definition 


3a. 


As  1,  s  +  r 


s  +  r  +  e,    ifb<a/2 
s  +  r,         else 


s  +  r  +  e,    ifa<b/2 
s  +  r,         else 


As  2,    ifa>b/2 
As  3,    ifa<b/2 


As1,  ifa<b/2 

s  +  r  +  2e,    If  a  >  b/2 


Figure  4:  Definitions  of  the  Total  Effective  Height  foi 
Varying  Topographies 


Topography 


Definition 
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As  6,  s  +  r  +  2h 


s  +  r  +  e  +  2h,    if  b  <  a/2 
s  +  r  +  2h,  else 


s  +  r  +  e  +  2h,    if  a  <  b/2 
s  +  r  +  2h,  else 


As  7,    if  a  >  b/2 
As  8,    if  a  <  b/2 


As  3,  if  h  <  e 

s  +  r  +  e +  2(h  -  e),    ifh>e 


s  +  r  +  2w,     w  =  5  m 


Figure  4:  Definitions  of  the  Total  Effective  Height  for 
Varying  Topographies  (cont.) 
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Figure  5:  Finite  Segment  Adjustment  (Reflective  Ground) 
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Figure  6.1; 


Finite  Segment  Adjustment  (Absorptive  Ground) 
Gro\ind  Absorption  Coefficient,  a  =  0 . 1 


Alpha  =  0.3 
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'igure  6.2; 


Finite  Segment  Adjustment  (Absorptive  Ground) 
Ground  Absorption  Coefficient,  a  =  0.3 
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Alpha  =  0.5 
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Figure  6.3; 


Finite  Segment  Adjustment  (Absorptive  Groiind) 
Ground  Absorption  Coefficient,  a  =  0.5 


Alpha  =  0.66 
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Figure  6.4; 


Finite  Segment  Adjustment  (Absorptive  Ground) 
Ground  Absorption  Coefficient,  a  =  0.66 
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Figure  7:  Rows  of  Houses  Adjustment 


APPENDIX  A: 
RAIL  TRAFFIC  INFORMATION  AND  DAY/NIGHT  CONVERSION 

The  following  information  is  required  for  the  assessment  of  rail 
traffic  noise  impact  on  planned  sensitive  land  uses: 


1. 


2. 


Train  types  within  day-time  and  night-time  periods.   The 
types  are  typically  identified  as  passenger  trains,  freight 
trains,  etc. 

Number  of  trains  corresponding  to  each  train  type  within 
both  day-time  and  night-time  periods.   Number  of  locomotives 
per  train,  number  of  cars  per  train  and  train  speed. 

The  rail  traffic  information  used  in  the  prediction  should  be 
based  on  future  traffic  projections  of  at  least  10  years.   The 
standard  increase  of  rail  traffic  is  2.5  %  per  annum. 

When  day-time  and  night-time  sound  level  calculation  is  performed 
using  known  train  traffic  volumes  in  the  16 -hour  and  8 -hour 
periods  but  utilizing  the  24-hour  sound  level  data  in  Tables  1,  2 
and  3,  conversion  has  to  be  performed.   This  conversion  may  be 
done  either  by  correcting  the  24 -hour  traffic  volume,  at  the 
beginning  of  the  calculation,  or  by  adjusting  the  calculated 
sound  levels,  at  the  end  of  the  calculation.   Both  methods 
produce  the  same  results: 


for 


The  first  option  is  to  begin  the  calculation  by  multiplying 
the  actual  24-hour  number  of  trains  by  a  factor  of  1.5, 
calculation  in  the  16 -hour  period,  and  subsequently  by  a 
factor  of  3,  for  calculation  in  the  8-hour  period  3,  and 
proceed  with  the  calculation  using  the  Tables. 

Example:   10  trains  day-time,  6  trains  night-time 

The  calculation  should  done  separately  using  15 
day-time  trains  and  18  night-time  trains. 


2.    The  second  option  is  to  calculate  the  noise  levels  in  the 
8-hour  and  16-hour  periods  based  on  the  numbers  of  trains 
within  these  two  periods,  but  using  the  24 -hour  sound  level 
data  in  the   Tables  1  and  2.   Under  these  circumstances,  the 
calculated  sound  levels  have  to  be  adjusted  by: 

Correction  =  10  log  (24/16)  =  +1.8  dBA,  day-time 

=  10  log  (24/8)   =  +4.8  dBA,  night-time. 


APPENDIX  B: 
REFERENCE  SOUND  LEVELS 

The  expressions  for  reference  sound  levels  of  the  locomotive 
noise,  wheel-rail  noise  and  whistle  noise  are  based  on  the 
expressions  in  NRC  Building  Research  Note  146,  Traffic  Noise 
Prediction  [2] .   These  expressions  are  the  basis  for  the  sound 
level  tables  in  the  CMHC  document  "Road  and  Rail  Noise:  Effects 
on  Housing".   The  objective  of  STEAM  is  to  generate  sound  levels 
which  are  approximately  the  same  as  the  CMHC  [1]  levels  at  a 
distance  of  30  m  from  the  track,  for  an  infinite  railway  track, 
absorbent  ground  and  no  obstacles. 

Using  the  segmentation  and  modular  principles  of  STEAM  (as  well 
as  ORNAMENT  [5]),  the  general  expression  defining  the  24-hour 
equivalent  sound  level  at  a  distance  D  from  the  track  for  any  of 
the  three  noise  sources,  is  given  by: 


Adjustments 


.  .  (1) 


Providing  no  obstacles  are  present  between  the  source  and 
receiver,  the  above  expression  becomes 


(2) 


where 


Dref 

Ad      =      10(1    +   c()log( — ^     )  •••    Distance   Adjustment 


10    log    { -^j  cos    '^  <p      d<p    ]     ...    Finit 


e  Segment  Adjust 


where  h^^^    is  the  reference  sound  level 

D^gf  =  15  m,  is  the  reference  distance 
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a    is  the  ground  absorption  coefficient 

D    is  the  distance  between  the  centre  line  of  the  track 

and  the  receiver 
<p^,    $2  are  the  segment  angles 

Therefore,  for  absorbent  ground,  at  30  m  and  for  an  infinite 
segment  the  adjustments  are: 

Aa   =   10  (1  +  a)  log{15/30) 
90 


10  log  {^^J 


-90 
Using  a  receiver  height  of  1.5  m,  locomotive  and  whistle  source 
height  of  4  m  and  wheel-rail  source  height  of  0.5  m,  the  above 
adjustments  become: 

Aj  =  -  5  dB,  wheel -rail,  h^^f  =  2  m 

A^  =  -  4.8  dB,  locomotive  and  whistle,  h^££  =  5.5  m 

Af  =  -  1.5  dB,  wheel -rail,  h^.-j  =  2  m 

Aj  =  -  1.3  dB,  locomotive  and  whistle,  h^£j  =  5.5  m 

where 

a  =   0.66,  wheel-rail 

Kft 

a  =   0.75  (1  -  )  =  0.585,    locomotive  and  whistle 

25 

Using  expression  (1),  the  equivalent  sound  levels  at  30  m  become: 
Le,.i    =  Ket.i      -  6.1  ...(3a) 

Le„wr   =   L,,,,...   -  6.5  ...(3b) 

L.„,.,.   =   L,.„.  „.   -  6.1  ...  (3c) 


1 .    Locomotive  and  Wheel-rail  Noise 

In  order  to  derive  the  appropriate  reference  levels,  the  above 
Lg  expressions  must  be  equated  to  the  equivalent  sound  levels 
obtained  using  the  NRC  expressions,  contained  in  NRC  Building 
Research  Note  146  [2] .   The  sound  levels  were  measured  at  a 
height  of  about  1.5m  above  ground  on  an  absorptive  ground 
surface  and  in  the  presence  of  an  infinite  railway  track. 

It  must  be  noted  that  the  NRC  expressions  for  the  reference  sound 
level  corresponding  to  the  locomotive  noise  have  been  modified  to 
correct  a  discontinuity  at  30  km/h.   This  correction  which  had 
been  discussed  with  NRC  [9],  is  of  the  form  of  additional  1 . 7  dB 
for  S  <  30  km/h.   Therefore,  the  NRC   reference  sound  levels  at 
30  m  are: 

...  (4) 

Li    =  10  log  Ni  -  10  log  S  +  0 . 15  n  +  53 . 7 ,  S  <  30  km/h 

=  10  log  Nj  +  13.5  log  S  +  0.15  n  +  19,  S  >  30  km/h 

L„^    =   2.3  +  10  log[Ni(n  +  1)]  +  15.7  log  S 

where     Nj  is  the  total  number  of  locomotives  24  hours, 

n  is  the  loading  in  number  of  cars  per  locomotive, 
S  is  the  operating  speed. 

The  excess  ground  attenuation  is  given  by: 

D 
Excess  Ground  Attenuation  =  8.2  l°g  U  +  H  +  H"^/60  +  60/D  •*  -  3  dB 

where  D  is  the  source  receiver  distance  and  H  the  total  effective 
height  (H  is  identical  to  h^{,)  ■ 

At  a  distance  of  30  m,  the  excess  ground  attenuation  is: 

Locomotive  (and  whistle)  =  0.9  dB,    h^^f  =  5.5  m 
Wheel-rail  =  2.7  dB,    h^,£  =  2.0  m 
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Therefore,  the  NRC  (CMHC)  sound  levels  at  30  m  from  the  track, 
absorptive  ground,  receiver  at  1.5  m  are: 

... (5) 
Le  1  =10  log  Ni  -  10  log  S+0.15n+52.8,       S<  30km/h 
=  10  log  N^  +  13.5  log  S+0.15n+18.1,     S>  30km/h 

L=q,.^r  =  -0-4  +  10  log[Ni(n  +  1)]  +15.7  log  S 

Equating  expressions  (3)  to  expressions  (5) ,  the  STEAM 
reference  sound  level  expressions  (at  15  m)  become: 

...  (6) 
Lref  1  =  10  l°g  N^  "  1°  ^°9  S  +  0.15n+58.9,       S<  30km/h 
=  10  log  N^   +13.5  log  S  +  0 . 15  n  +  24  .  2 ,    S  >  30km/h 

L^^f,,^   =  6.1  +  10  log[Ni{n  +  1)]  +15.7  log  S 

2 .    Whistle  Noise 

For  a  train  traveling  at  S  km/h,  the  A-weighted  sound  level 
produced  by  the  whistle  at  a  distance  of  15  m  from  the  track  is 
approximately: 

L^   =   110  dBA 

The  whistle  is  typically  blown  over  a  distance  of  400  m  from  the 
crossing  in  a  on/off  manner.   Assuming  that  the  whistle  sounds 
for  50  %  of  the  time,  the  sound  level  is  reduced  by  a  factor: 

F   =   10  log(  100  /  50  )   =   3  dB 

The  average  sound  level  produced  by  the  whistle  at  15  m  from  the 
track  is  then  given  by: 

L„  -  F  =  110  -  3  =  107  dBA,     for  -0.4/S  <  t  <  0   ...(7) 
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where  t  is  the  time  in  hours  and  the  train  passes  the  warning 
point  at  t  =  0 . 

Using  the  above  expression  (7) ,  the  24 -hour  equivalent  sound 
level  at  a  distance  D  from  the  track,  for  a  train  traveling  in  a 
left-to-right  direction,  from  the  negative,  4>i,  to  the  positive, 
(p2,    angle,  is  given  by: 

Leg   =   L^.j   +   Adjustments  ...(8) 

which  becomes  ... (9) 

D.et 

L^q   =   L^  +  10  log  N  +  10  log  D^^j  +  10(1  +  a)  log  { -^p —  ) 
P 
+   10  log  {^pj  cos  ^    <p      d0  }  -  10  log  S  -  38.8  -  F 

where 

L^e£   =   L^  +  10  log  D^^f  +10  log  N  -  10  log  S   -   38.8  -  F 

. . .  Reference  Sound  Level 


Dref 

10(1  +  a)log(-y^ —  )         ...  Distance  Adjustment 


P 

10  log{ cos^*  <p      d<p    }        ...    Finite  Segment  Adjust 


Similarly,  the  24 -hour  equivalent  sound  level  at  a  distance  D 
from  the  track,  for  a  train  traveling  in  a  right-to-left 
direction,  from  the  positive,  <p2>    to  the  negative  <Pi,  angle,  is 
given  by : 
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.  (10) 


L„,  =  L.  +  10  log  N  +  10  log  D,,,  ^  10(1  +  a)log(-^) 

4,  del)  }  -  10  log  S  -  38.8  ■ 


+   10  log  {-^j  CO! 


where   P  is  the  angle  to  the  railway  crossing 


L   =  110  dBA 

N   =  1  train 

D    =  15  m 

tan  p   =   X  /  D 

tan  <p,      -       (X  -  400)  /  D 

tan  O.   =   (400  +  X)  /  D 


Rail 
Track 


Receiver 


Road 


tan  O    =   I'iuu  -r  .ft.;  /  '-' 

X   is\he  perpendicular  distance  fro.  the  receiver  to  the 
crossing,  i • e .  the  distance  measured  along  the  raxl 
trac.  fro.  the  crossing  to  a  line  through  the  receiver 
which  is  perpendicular  to  the  track. 


and 


F   =   10  log(  1  /  0.5  ) 


3  dB 


P„  two  trains  traveling  in  opposite  directions,  the  24  hour  L. 
is  then  given  by  the  co^ination  of  the  above  two  expressions. 

. . . (11) 
Dr.f 

L   =  L„  .  10  log  1  .  10  log  D,,  .  10(1  -  a)log(-5-) 


.   10  log  (-^I  cos  «  .   d.  }  -10  logs-  38.8  -F 


J-      1   ^vif=  94-hour  L^„  becomes: 
Under  the  assumption  of  a  =  1,  the  24  nour   ^q 


.  .  .  (12) 
L^q    =   110  -  10  log  n  +  10  log  15'  -  38.8  -  10  log  S  -  F 
1         400  +  X  400  -  X 

+   10  log  {  --^    [  Vd^  ^     (400+x)^    ^   VD-^  +  (400-x)^   ^  ^ 

=   101.5  -  10  log  S  -  F  + 

1         400  +  X  400  -  X 

+   10  log  {  -^^  [  Vd^  +  (400+x)^    ^      VD^  +  (400-x)^   ^  ^ 


Except  for  the  additional  term  F  {  =  3  dB  ) ,  the  above  expression 
is  equivalent  to  equation  [9.11]  contained  in  the  NRC  Building 
Research  Note  146. 

Example : 

Soft  ground  (9  dB  per  distance  doubling  for  point  source) 

2  trains,  opposite  directions 

D=30m  S=80    km/h 

x   =    0   m 

L^q      =      101.5    -    19    -    3    -    29.5    +    3    =    53    dBA 

The  above  comparison  to  the  NRC  expressions  was  made  using  a  very 
soft  ground  for  which,  a  =  1 ;  this  value  is  not  recommended  in 
STEAM.   This  comparison  can  be  repeated  for  hard  ground,  defined 
by  ex  =  0 . 

According  to  the  NRC  Publication,  the  sound  level  for  two  trains 
traveling  in  opposite  directions  measured  at  any  instant  is  given 
by: 

. . .  (13) 
Lp    =   110  -  F  +  30  log  (15/  [  D'  +  (lOOOSt  -  x) '  ] '^'  } 

under  the  assumption  of  9  dB  per  doubling  of  distance  propagation 
law  to  account  for  ground  effect  and  other  forms  of  excess 
attenuation.   Similarly,  under  the  assumption  of  hard  ground 
without  any  forms  of  excess  attenuation,  the  sound  level  would 
be: 


(14) 


Lp    =   110  -  F  +  20  log  {  15  /  [  D'  +  (lOOOSt  -  x)  '  ]  "''  } 
=   133.5  -  F  -  10  log  [  D'  +  (lOOOSt  -  x)'  ] 

Integrating,  the  24-hour  L^^  is: 

. .. (15) 

0.4/S 

1         |-  10''-''   dt 

Leg      =       10    log{    -24-   J       [    D^    +     (lOOOSt    -    x)M         ^       "    ^ 

•■0.4/S 

Letting  y  =  lOOOSt  -  x,  so  that  dy  =  lOOOS  dt ,  the  expression 
becomes : 


1    r   10""  dy  /  lOOOS 
L,,   =   10log{^^J  [u^    ^   r    ] }   -^    •••(1^) 

-400x 

=   133.5  -  10  log  24000  -  10  log  S  -  10  log  D  -  F  + 

+   10  log{  arctan  [  (400-x) /D]  -  arctan  [(-400-x)/D] 

Therefore,  the  equivalent  sound  level  produced  by  two  trains  on 
hard  ground  is: 

L^q   =   89.7  -  10  log  S  -  10  log  D  -  F  ...(17) 

+  10  log{  arctan  [  (400-x) /D]  -  arctan  [  (-400-x) /D]  ) 

Example : 

Hard  ground 

2  trains,  opposite  directions 

D  =  30  m        S  =  80  km/h 

x  =  0  m 

L^q   =   89.7  -  19  -  14.8  -  3  +  4.8  =  57.7  dBA 

Using  definitions  in  (10),  expression  (17)  may  be  re-written: 


.  .  .  (18) 
15 

+    10    log   n      +    10    log{  ($2    -    $i)/n}    -    F 

=      82.9-10    log   S    +10    log    (15/D) 
+    10    log{  {<pj    -    cpj  /n}    -    F 

The  above  expression  (18)  is  identical  to  expression  (11)  for 
"hard  ground"  condition,  a  =  0. 

For  a  single  train  traveling  in  the  left- to-right  direction,  the 
24 -hour  equivalent  sound  level  is: 

L^q   =   82.9  -  10  log  S  +10  log  (15/D) 
+  10  log{  (P  -  0i)/n}  -  F 

Similarly,  for  a  train  traveling  from  right-to-left, 

L„q   =   82.9  -  10  log  S  +10  log  (15/D) 
+  10  log{  (P  -  0j/n}  -  F 

In  order  to  incorporate  the  whistle  noise  expressions  into  the 
rail  noise  prediction  model,  the  expressions  have  to  modified 
into  a  form  defined  by  expression  (8) : 

Lgq   =   Reference  Sound  Level  +  Adjustments 

Using  the  same  principles  as  before,  expression  (9) ,  the  24-hour 
reference  sound  level  is  given  by: 

L,-^t   =   L„  +  10  log  N  +  10  log  D,^£  -  10  log  S  -  38.8  -  F 
=   82.9  +  10  log  N  -  10  log  S  -  F  ...(19) 

-   79.9+10  log  N  -  10  log  S 

where  N  is  the  number  of  trains  traveling  in  the  same  direction 
within  24  hours.   The  reference  sound  level  applies  to  the  400  m 
long  segment  of  the  railway  track  where  the  whistle  is  sounded. 


-  BIO  - 

For  a  time  period  of  T  hours,  the  reference  sound  level  becomes: 

Lref   =   79.9  +  10  log  N  -  10  log  S  -  10  log  T/24   ...(20) 

where  N  is  the  number  of  trains  travelling  in  the  same  direction 
within  a  time  period  of  T  hours. 

The  resultant  equivalent  sound  level  produced  by  the  whistle  of  N 
trains  travelling  at  a  speed  S  in  the  same  direction  within  a 
time  period  of  T  hours  is  then: 

. . . (21) 
Leq  =  79.9  +  10  log  N  -  10  log  S  +  adjust  (dist,  fn_seg,  shield) 

where  the  adjustments  comprise  the  distance  adjustment  using  the 
distance  D  and  the  appropriate  value  of  a.,    finite  segment 
adjustment  using  a  and  the  angles  [<i?^   and  P)  or  (p.  and  <|)2)  ,  and 
the  shielding  adjustment  depending  on  the  presence  of  houses, 
woods  or  barriers. 

Under  the  condition  of  the  same  number  of  trains  in  both 
directions,  the  above  can  be  written  as: 

.  .  .  (22) 
Lgg  =  76.9  +  10  log  N  -  10  log  S  +  adjust  (dist,  fn_seg,  shield) 

where  N  is  the  total  number  of  trains  but  the  finite  segment 
adjustment  must  now  use  an  angular  range  from  cpj^  to  $2 . 


APPENDIX  C: 
WORKSHEET  METHOD 

A  worksheet  method  to  calculate  the  24-hour  equivalent  sound 
level,  Lgq,  uses  the  tabulated  values  of  the  reference  sound 
level  and  the  adjustments  contained  in  Tables  1  to  10.   Due  to 
the  complexity  of  some  of  the  mathematical  expressions  defining 
the  tabulated  values,  the  results  obtained  using  this  method  are 
not  as  accurate  as  a  direct  evaluation  of  the  expressions  by- 
means,  for  example,  of  a  computer  program. 

Due  to  the  complexity  described  above,  this  worksheet  method  is 
limited  to  single,  infinite  railway  track,  shielded  (when 
appropriate)  by  an  infinite  noise  barrier. 

The  worksheet  is  divided  into  three  parts:  locomotive  noise, 
wheel -rail  noise  and  whistle  noise.   The  first  step  is  to 
determine  the  appropriate  time  period,  typically  8,  15  or  24 
hours,  and  enter  it  on  line  1  in  all  three  parts  of  the 
worksheet.   It  is  important  to  note  that  if  the  period  is  not  24 
hours,  conversion  has  to  be  performed  as  described  in  Appendix  A. 


PART  A  -  LOCOMOTIVE  NOISE 

1.  For  a  specific  train  type,  enter  traffic  information  on 
lines  2  to  6 . 

2.  Complete  line  7  to  9  from  information  on  lines  2  to  6 . 

3.  Determine  the  locomotive  reference  sound  level  from  Table 
1(a)  and  enter  on  line  10. 

4.  Determine  the  speed  adjustment  from  Table  1(b)  and  enter  on 
line  11. 

5.  Add  levels  from  lines  10  and  11  and  enter  on  line  12. 

6.  Repeat  process  (steps  1  to  5)  for  all  train  types. 

7.  Calculate  the  overall  locomotive  reference  sound  Level  for 
all  train  types  using  logarithmic  addition  of  levels  on  line 
12  and  enter  on  line  13. 


8.  Enter  receiver  height,  elevation  change  and  barrier  height 
on  lines  15,  16  and  17.   Calculate  the  total  effective 
height  according  to  Figure  4  and  enter  on  line  18. 

9.  Enter  source-receiver  distance  on  line  19. 

10.  Determine  the  distance  adjustment  from  Table  4  and  enter  on 
line  20. 

11.  Determine  the  absorption  coefficient  a  from  the  total 
effective  height,  as  shown  in  Table  4,  and  enter  value  on 
line  23. 

12.  Determine  the  finite  segment  adjustment  from  Tables  5  or  7 
and  enter  on  line  24. 

13.  Determine  the  woods  and  rows  of  houses  adjustments  from 
Tables  8  and  9  and  enter  on  lines  25  and  26. 

14.  Determine  the  path  length  difference  and  enter  on  line  29. 

15.  From  Table  10,  determine  barrier  adjustment  (attenuation) 
and  enter  on  line  25. 

16.  Add  dBA  values  in  lines  13,  20,  24,  25,  26  and  30  to 
determine  the  locomotive  Leq  and  enter  on  line  31. 

17.  Determine  the  time  adjustment,  if  required,  according  to 
Appendix  A  and  enter  on  line  32. 

18.  Add  values  on  lines  31  and  32  to  determine  the  resultant 
locomotive  Leq  and  enter  on  line  33. 


PART  B  -  WHEEL -RAIL  NOISE 

1.  Copy  information  from  lines  2,  3,  5,  6  and  7  in  Part  A  to 
lines  2,  3,  4,  5  and  6. 

2.  Using  Table  2,  determine  the  wheel -rail  reference  sound 
level  and  enter  on  line  7. 

3.  Repeat  process  (steps  1  to  2)  for  all  train  types. 

4.  Calculate  the  overall  wheel-rail  reference  sound  level  for 
all  train  types  using  logarithmic  addition  of  levels  on  line 
7  and  enter  on  line  8. 

5.  For  lines  9  to  28,  follow  the  same  steps  as  those  in  Part  A 
for  lines  14  to  33  to  calculate  the  wheel-rail  Leq.   Note 
that  the  source  height  in  line  9  is  0.5  m. 


PART  C  -  WHISTLE  NOISE 

1.  Use  the  same  information  as  in  Parts  A  and  B  in  lines  2,  3 
and  4  . 

2.  From  Table  3,  determine  the  whistle  reference  sound  level 
and  enter  on  line  5. 

3.  Determine  the  overall  whistle  reference  sound  level  by 
combining  the  levels  on  line  5. 

4.  Copy  information  on  the  effective  heights  from  Part  A,  lines 
14  to  18,  to  lines  7  to  11. 

5.  Copy  information  regarding  the  distance  and  the  distance 
adjustment  from  Part  A,  lines  19  and  20,  to  lines  12  and  13. 

6.  Using  Tables  3(a)  and  3(b),  determine  whistle  angles  and 
enter  on  lines  14  and  15. 

7.  From  Tables  5  or  7 ,  determine  the  finite  segment  adjustment 
and  enter  on  line  17. 

8.  Copy  information  regarding  woods,  rows  of  houses  and  barrier 
from  Part  A,  lines  25  to  30,  to  lines  18  to  24. 

9.  Add  dBA  values  in  lines  6,  13,  17,  18,  19  and  23  to 
determine  the  whistle  Leq  and  enter  on  line  24. 

10.  Determine  the  time  adjustment,  if  required,  according  to 
Appendix  A  and  enter  on  line  25. 

11.  Add  values  on  lines  24  and  25  to  determine  the  resultant 
whistle  Leq  abd  enter  on  line  26. 

10.  Combine  logarithmically  the  resultant  locomotive,  wheel-rail 
and  whistle  sound  levels  Leq  from  Parts  A,  B  and  C  to  obtain 
the  OVERALL  RAIL  SOUND  LEVEL  Leq  and  enter  on  line  27. 

EXAMPLE: 

The  attached  worksheets  present  a  day-time  calculation  example 
for  3  train  types.   The  train  information  for  the  16  hour  period 
is  as  follows: 


Freight:        17  trains,  3  locomotives  per  train,  90  cars  per 

train,  80  km/h 
Passenger:      6  trains,  1  locomotive  per  train,  10  cars  per 

train,  90  km/h 
Transfer:       7  trains,  1  locomotive  per  train,  30  cars  per 

train,  80  km/h 

Other  information: 

Distance:  30  m  No  barrier 

Flat,  soft  (absorptive)  ground  No  woods  or  houses 

Infinite  track  Whistle  present 

Whistle  Crossing  20  m  from  the  receiver,  i.e.  x  =  20  m 

RESULTS  (without  the  time  adjustment) : 

Locomotive  Leq  =  66.4  dBA 
Wheel-Rail  Leq  =61.9  dBA 
Whistle  Leq     =67.0  dBA 

Total  =  70.4  dBA,  combining  all  three  levels 

=  67.7  dBA,  exluding  whistle  noise  (day-time) 

As  the  train  traffic  information  was  the  actual  day-time  traffic, 
the  above  sound  level  must  corrected  for  the  time  period  by 
adding  1.8  dB . 

Overall  Rail  Leq  =  67.7  +  1.8  =  69.5  dBA,  for  day-time 


C5 


Rail  Traffic  Noise  Prediction  Worksheet  -  Part  A:  Locomotive 


1 

Time  Period 

DAYTIME  07:00  TO  23:00                                           | 

2 

Train  Type 

FREIGHT 

PASSENGER 

TRANSFER         | 

3 

Number  of  Trains 

17 

6 

7 

4 

Number  of  Locomotives  per  Train 

3 

1 

1 

5 

Number  of  Cars  per  Train 

90 

10 

30 

6 

Tram  Speed                               (l^m/h) 

80 

90 

80 

7 

Total  Number  of  Cars 

Unes  3'(4+5) 

1581 

66 

217 

8 

Total  Number  of  Locomotives 

Lines  3  +  4 

51 

6 

7 

9 

Avg.  Number  of  Cars  per  Locomotive 

Lines  5/4 

30 

10 

30 

10 

Sound  Level                               (dBA) 

Table  1(a) 

54.4 

52..1 

54.4 

11 

Number  of  Locomotives  Adjustment 

Table  1(b) 

17 

85 

8.5 

12 

Reference  Sound  Level              (dBA) 

Lines  10  +  11 

71.4 

606 

62.5 

13 

Overall  Reference  Level             (dBA) 

Line  12 

72.3 

Heights: 

14 

Source  Heigfit,  s        (m) 

4 

15 

Receiver  Height,  r      (m) 

15 

16 

Elevation  Change,  e  (m) 

Figure  4 

0 

17 

Barrier  Height,  h        (m) 

Figure  4 

18 

Total  Effective  Height                (m) 

Figure  4 

5.5 

Adjustments: 

19 

Distance                    (m) 

30 

20 

Distance  Adjustment.  A^            (dBA) 

Table  4 

■4.7 

Finite  Segment  Size: 

21 

Angle,  ((),                   (degrees) 

Table  6 

-90 

22 

Angle,  <p.,                   (degrees) 

Table  6 

90 

23 

Absorption  Coefficient,  a 

Table  4 

0.57 

24 

Finite  Segment  Adj.,  A,              (dBA) 

Tables  5  &  7 

-12 

Woods  and  Houses: 

25 

Woods  Adjustment,  A,              (dBA) 

Table  8 

0 

26 

Rows  of  Houses  Adj.,  A^            (dBA) 

Table  9 

0 

Barrier; 

27 

Angle,  0,                   (degrees) 

-90 

28 

Angle,  0,                   (degrees) 

90 

29 

Path  Length  Diff.,  PLD               (m) 

30 

Barrier  Adjustment.  Aj,               (m) 

Table  10 

0 

31 

Locomotive  L,„                           (dBA) 

66.4 

32 

Time  Adjustment                       (dBA) 

Appendix  A 

1.8 

33 

Resultant  Locomotive  L^       (dBA) 

68.2 

-    C6    - 
Rail  Traffic  Noise  Prediction  Worksheet  -  Part  B:  Wheel-Rail 


1 

Time  Period 

DAYTIME  07:00  TO  23:00                                           | 

2 

Tram  Type 

FREIGHT 

PASSENGER 

TRANSFER 

3 

Number  of  Trains 

17 

6 

7 

4 

Number  of  Cars  per  Train 

90 

10 

30 

5 

Tram  Speed                               (l<m/h) 

80 

90 

80 

6 

Total  Number  of  Cars 

1581 

66 

217 

7 

Reference  Sound  Level              (dBA) 

Table  2 

67.7 

53  8 

59 

8 

Overall  Reference  Level             (dBA) 

Line  7 

68.4 

Heights: 

9 

Source  Height,  s        (m) 

05 

10 

Receiver  Height,  r      (m) 

1.5 

11 

Elevation  Change,  e  (m) 

Figure  4 

0 

12 

Barrier  Height,  h        (m) 

Figure  4 

13 

Total  Effective  Height                (m) 

Figure  4 

2 

Adjustments: 

14 

Distance                    (m) 

30 

15 

Distance  Adjustment,  A,             (dBA) 

Table  4 

-5 

Finite  Segment  Size: 

16 

Angle,  <{),                   (degrees) 

Table  6 

-90 

17 

Angle,  <th                   (degrees) 

Table  6 

90 

18 

Absorption  Coefficient,  a 

Table  4 

0.66 

19 

Finite  Segment  Ad],  ^              (dBA) 

Tables  5  &  7 

■1.5 

Woods  and  Houses: 

20 

Woods  Adjustment,  A,              (dBA) 

Table  8 

0 

21 

Rows  of  Houses  Adj.,  A,,            (dBA) 

Table  9 

0 

ir 

Barrier: 

22 

Angle,  G,                   (degrees) 

■90 

23 

Angle,  Gj                   (degrees) 

90 

24 

Path  Length  Diff.,  PLD               (m) 

25 

Earner  Adjustment.  A,               (m) 

Table  10 

0 

26 

Wheel-Rail  L.,                           (dBA) 

61.9 

27 

Time  Adjustment                       (dBA) 

Appendix  A 

1.8 

28 

Resultant  Wheel-Rail  L„         (dBA) 

63.7 

-    C7    - 
Rail  Traffic  Noise  Prediction  Worksheet  -  Part  C:  Whistle  &  Overall  U 


Descnption  _ 


1 

Time  Period 

DAYTIME  07:00  TO  23:00 

2 

Train  Type 

FREIGHT 

PASSENGER 

TRANSFER 

3 

Number  of  Trams 

17 

6 

7 

4 

Train  Speed                               (km/h) 

80 

90 

80 

5 

Reference  Sound  Level              (dBA) 

Tables 

70  9 

65.  r 

66.9 

6 

Overall  Reference  Level             (dBA) 

Line  7 

Heights: 

7 

Source  Height,  s       (m) 

4 

8 

Receiver  Height,  r      (m) 

1.5 

9 

Elevation  Change,  e  (m) 

Figure  4 

0 

10 

Barrier  Height,  h        (m) 

Figure  4 

11 

Total  Effective  Height                (m) 

Figure  4 

5.5 

Adjustments: 

12 

Distance                    (m) 

30 

13 

Distance  Adjustment,  A,             (dBA) 

Table  4 

-4  7 

Finite  Segment  Size: 

14 

Angle.  <J),                   (degrees) 

Tables  3  a,  b 

■83 

15 

Angle,  <^,                   (degrees) 

Tables  3  a.  b 

83 

16 

Absorption  Coefficient,  a 

Table  4 

0.57 

17 

Finite  Segment  Adj.  ^              (dBA) 

Tables  5  &  7 

-1.4 

Woods  and  Houses: 

18 

Woods  Adjustment,  A.              (dBA) 

Table  8 

0 

19 

Rov«  of  Houses  Adj.,  A„            (dBA) 

Table  9 

0 

Barrier: 

20 

Angle.  0,                   (degrees) 

-90 

21 

Angle.  0,                   (degrees) 

90 

22 

Path  Length  Diff..  PLD               (m) 

23 

Barrier  Adjustment,  A^               (m) 

Table  10 

0 

24 

Whistle  L^                                (dBA) 

67 

25 

Time  Adjustment                       (dBA) 

Appendix  A 

18 

26 

68  8 

27 

Overall  Rail  L„                          (dBA) 

Loco  &  Wheel-R 

all  &  Whistle' 

«. 

'  Whistle  Noise  is  not  included  in  the  Overall  L„  during  day-time 


-    C8 


Rail  Traffic  Noise  Prediction  Worksheet  -  Part  A:  Locomotive 

°a'e File Description 


_± 

Time  Period 

2 

Train  Type 

3 

Number  of  Trains 

4 

Number  of  Locomotives  per  Tram 

5 

Number  of  Cars  per  Train 

6 

Train  Speed                               (km/h) 

7 

Total  Number  of  Cars 

8 

Total  Number  of  Locomotives 

9 

Avg.  Number  of  Cars  per  Locomotive 

10 

Sound  Level                                (dBA) 

11 

Number  of  Locomotives  Adjustment 

12 

Reference  Sound  Level              (dBA) 

13 

Overall  Reference  Level              (dBA) 

Heights: 

14 

Source  Height,  s        (m) 

15 

Receiver  Height,  r     (m) 

16 

Elevation  Change,  e  (m) 

17 

Barrier  Height,  h        (m) 

18 

Total  Effective  Height                (m) 



Adjustments: 

19 

Distance                    (m) 

20 

Distance  Adjustment,  A,            (dBA) 

21 

Angle,  <J),                   (degrees) 

22 

Angle,  4>,                   (degrees) 

23 

Absorption  Coefficient,  a 

24 

Finite  Segment  Adj.,  A,               (dBA) 

Woods  and  Houses: 

25 

Woods  Adjustment,  A,              (dBA) 

26 

Rows  of  Houses  Adj..  A„           (dBA) 

Bamer: 

27 

Angle,  0,                   (degrees) 

28 

Angle.  Q,                   (degrees) 

29 

Path  Length  Diff.,  PLD               (m) 

30 

Barrier  Adjustment,  A„               (m) 

31 

Locomotive  L„                           (dBA) 

32 

Time  Adjustment                       (dBA) 

33 

Resultant  Locomotive  L„       (dBA) 

Rail  Traffic  Noise  Prediction  Worksheet  -  Part  B:  Wheel-Rai 

Description 


Date. 


File. 


1 

Time  Period 

1 

2 

Tram  Type 

1 

3 

Number  of  Trains 

4 

Numt5€r  of  Cars  per  Tram 

5 

Train  Speed                               (km/h) 

6 

Total  Number  of  Cars 

7 

Reference  Sound  Level              (dBA) 

8 

Overall  Reference  Level             (dBA) 

Heigtits: 

9 

Source  Height,  s       (m) 

10 

Receiver  Height,  r      (m) 

11 

Elevation  Change,  e  (m) 

12 

Barner  Height,  h         (m) 

13 

Total  Effective  Hetght                  (m) 

Adjustments: 

14 

Distance                    (m) 

15 

Distance  Adjustment,  A,            (dBA) 

Finite  Segment  Size: 

16 

Angle,  <J),                   (degrees) 

17 

Angle,  <t)j                   (degrees) 

18 

Absorption  Coefficient,  a 

19 

Finite  Segment  Adj..  ^              (dBA) 

Woods  and  Houses: 

20 

Woods  Adjustment,  A,              (dBA) 

21 

Rows  of  Houses  Ad|.,  A„            (dBA) 

Bamer: 

22 

Angle,  G,                   (degrees) 

23 

Angle.  0^                   (degrees) 

24 

Path  Length  Diff.,  PLD               (m) 

25 

Barrier  Adjustment,  A^               (m) 

26 

Wheel-Rail  L„                           (dBA) 

27 

Time  Adjustment                       (dBA) 

28 

Resultant  Wheel-Rail  L„         (dBA) 

Rail  Traffic  Noise  Prediction  Worksheet  -  Part  C:  Whistle  &  Overall  U 


1 

Time  Period 

2 

Train  Type 

3 

Number  of  Trains 

4 

Train  Speed                              (km/h) 

5 

Reference  Sound  Level              (dBA) 

6 

Overall  Reference  Level             (dBA) 

Heights: 

7 

Source  Height,  s        (m) 

8 

Receiver  Height,  r      (m) 

9 

Elevation  Change,  e  (m) 

10 

Barrier  Height,  h        (m) 

11 

Total  Effective  Height                (m) 

Adjustments: 

12 

Distance                   (m) 

13 

Distance  Adjustment,  A^            (dBA) 

Finite  Segment  Size: 

14 

Angle.  <t>,                   (degrees) 

15 

Angle.  <ti;,                   (degrees) 

16 

Absorption  Coefficient,  a 

17 

Finite  Segment  Adj.,  ^               (dBA) 

Woods  and  Houses: 

18 

Woods  Adjustment,  A„              (dBA) 

19 

Rowsof  Houses  Adj.,  A^            (dBA) 

Barrier: 

20 

Angle.  Q,                   (degrees) 

21 

Angle.  0^                    (degrees) 

22 

Path  Length  Diff.  PLD               (m) 

23 

Barrier  Adjustment,  A^,               (m) 

24 

Whistle  L„                                (dBA) 

25 

Time  Adjustment                       (dBA) 

26 

Resultant  Whistle  L„               (dBA) 

27 

Overall  Rail  L„                        (dBA) 

■  Whistle  Nase  is  not  included  in  the  Overall  L^^  during  day-time 


